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AN ESTIMATE OF STREAM SPSEDS ABOUT AN ELLIPTIC CYLINDER

I Summary

The main results are shown in the graphs, Tho first three
of these relate to a particular case of elliptic d.mensions and
stream velocity; their valua ia essentizlly in Graph 3 which shows
the varieticn of speed with position avout the particular ellipase.
- The pattern sf speeds is shown by means of constant speed lines,
which are analagous (o 1lines of constant elevation on a contour map.
A knowledge of a typical speed pattera and the extreme speeds at-
tained for cases of differsnt ellipse diwensions enables one to
estimate stream speeds at different points for these cases, Graph
% gives 2ha maxiwmum spead aa a funotion of stream spead and ellipse

dimensions.

II Theory

1. Lst there be a simple closed curve C. representing a
body, about which there is two-dimsnsionel motion of an inviscid
liquid in the complex z-plane. This motion is specified by the
potential function

Ww =P+ iy

whare dP(X.y) is the velocity potential and 'qr(x,y) the stream
function, At a point on C the veloeity component normal to C
18 zoro. Tne  =vonsiaih Gurves ale Grvhugoual bo & as well as
the \v ~constant curves, Suppose [ s a conformal mapping of the

z-plans onto the [ -plane, Then the curvea f(C) and £(y -constant)
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are orthogonal to the curves f{ <f -constant), and £{ Q+i1VY) s
the potential function for motibn abocut ¢the swve f£(C) in the new
Plene,

2., Our prosedure for finding the potentisl function for {liow
about a given curve 2a to find & conformel mapping Trom a known flow
and curve tov the desired flow and curve., The unkvown potential
function is simply the transformed imown potential function,

3. A particulsrly simplie knowm flow is thst of 2 uniform un=-
disturbed stream, Appropriately oriented in the z-plane, its po-

tertial function is

w o= > LW s==U(‘x+i3)
where U is= the constant velocity of flow parallsl to the real uxia

] ¥ oo - A e~ % s A 192 ~ L .
de Foi molion abdoubt am sllipss, C Ls taken as

¢ cosh™ ¥ c* sith f,
-]
The semi-major exis is Q=& cosh fc.‘; the semi-mizor axis is

b =¢ su'n‘hg‘;and 2C ia the distance betwsen foci, Eo i3 determined
from & and b by

Cwb

L =3 log g% -

5. Consider a transfo .tion from the =z e=x34iy plens tc
the § = ? +i9 plene followtd by a transformation from the 2, -plam

to the w= P+d Y plane, Let these transiormations be given Dy
] = x+ iy = ¢ cosh § (1)

w = @+ 2y = Ula+b) cosh it '§°> (2)
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I ths z-plane the silipee with semi-sxes & and b daterminss
ths constant f‘ end =aps into the straight iine §, - i
iz the § -plane undsr the transformation {i). Now ( = }o 4 4 73
in (2) is mepped 1into the resl axis ,‘,"‘=:; ef the w -plane,
Bensce motion in the W.plene is undisturved; stroam lines in this
plane are Y=constant and equi-potential lines are ¥ = coustant,
Phe maprincg of these linss in the z-pilane give the stream lines
and equi-potentisl lines for the motiom about the body represented
by the ellipse fo .

6. et v and v be thse x end y componeants of velocity
in the z=plans. Than

! § [ E“ A Y ® s ] . F
QW = W 2im éf*“:g_éi.,,a.%_-[:_q-hw.
dé % ax ox x X

Thus the squars of spssd 1s the product of fﬂ' by its conjugats:

Ll -4 V) = 9-‘-“-’-- diz |
q* = (u iviu+iv) p a.;“
For our case
g _ dw de
43 &

S wifawb) smh(B =%}
“4 c siah & -

Speed is then

qQ = Uu*la+b) , g"m‘:;"“-id-* sm*h
Gi~h W g <+ Sfu‘)}
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7. Differventiiaticn wiin respect to ’V gives thes maximum at
ye ¥

8. The maximum streax speeds of Graph I vccur at the tipa
of the minor axis.,

III Illustration

1. Suppose it is desired to find the stroam speed at a point
or 7 = 90° and a distence of 50 £t from the center of the ellipse
where the undisturbed stream spsed U = 10 ft/sec end the sllipss
mejor axis is 50 ft, and the minor axis 25 ft. Then a = 450/2 and

b = 25/2 and o
Q‘E

Grapa 4 suows vhe ralic of maximuwe speed Lo wudisturUed siresm speed

g

for these dimensions toc be 1.C33., This gives
q = 1.033(10) = 10.33 ft/sec

at the end of the minor axis., 1In the reglon considered we ses on
Graph 3 that strsam speed drops abouit 1/l of the difference between
tie maximum stream speed and the undisturbsd siream 3pesed, 4% tha
given point then ws obtaln the estimate

10.33 - 1/4{0.33) = 10,09 ft/sec.

2., Although our model is two-dimensional, these resulits ere

in qualitative agreement wlth results of the analyses of <peeds

)

thazsd & aliv mantaiwvad fn e aa—ms =
ALIVILAY Tl SPALA NS AW r S Nl -~ “ Asss T NN S

TMie Tl arry D1 alsd Cuwmmarem3Smes =
A Aans i34 TS B WAAR B S P T.aBNAAnD R s

0

“oving Vessel," by Margenau, Hellerman, end Van Zandt, (HPP:;fR 13).

In that report, point and line sources and sinks were used to model

(S

ts ship, and the flow calculations were made in three dimensions,



IV Reference

Milne-Thomson. Theoretical Hydrodynamics. Macmillan and Co.,

1928, Chapter VI.

Leo Hellerman
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Maximum Speed . . .
| vs. Eilipse Dimensions
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